substance p.12 MMP-3 degrades a wide spectrum of extracellular matrix macromolecules, including cartilage proteoglycans, fibronectin, type IV collagen, and laminin. It also cleaves type IX collagen (manuscript in preparation), a recently characterised collagen that stabilises cartilage by interacting with the triple helical domains of the type II collagen molecule.1314 In addition, an endogenous activator of procollagenase reported in various connective tissues in culture'57 has been proved to be MMP-3 (stromelysin). '8 19 Direct evidence of the involvement of MMP-3 in rheumatoid arthritis has not been obtained, however, and identification of the cells leading to the synthesis and secretion of MMP-3 has not been investigated. Here we report that MMP-3 is immunolocalised in hyperplastic synovial lining cells and its synthesis is specific to synovioblasts (B cells) of rheumatoid synovium.
Materials and methods

PURIFICATION OF ACTIVE AND PRECURSOR FORMS OF MMP-3
Active MMP-3 with relative molecular weight (Mr) 28 000 and 45 000 and the precursor forms with Mr 57 000 and 59 000 (proMMP-3) were purified to homogeneity from the culture medium of rheumatoid synovial cells treated with macrophage conditioned medium as described.8 20 in incomplete adjuvant-were given after 14 and 24 days. A preimmune bleed and further bleeds were taken on days 0, 14, 24, 35, 46, 49, 56, 60, and 67. The titre was checked by double immunodiffusion on Ouchterlony plates. Immunoglobulin G was prepared from the antiserum with the highest titre and preimmune serum by precipitation with ammonium sulphate (30% saturation) and column chromatography on diethylaminoethyl cellulose equilibrated with 0-1 M trometamol (TRIS)-HCl pH 8-0/0-02% NaN3. IgG F(ab')2 was purified by application of the IgG digested with 2% (w/v) pepsin for 49 hours at 37°C to a column of Ultrogel AcA 44 (15x 115 cm) equilibrated with phosphate buffered saline (PBS) containing 0-02% NaN3.
The ability of the antibody to inhibit MMP-3 was checked by using purified active MMP [3H]Leucine labelled MMP-3 was immunoprecipitated before and after treatment with 1.5 mM 4-aminophenyl mercuric acetate for two hours at 37°C. For electrophoretic immunoblotting analysis concentrated culture medium and two purified forms of proMMP-3 with Mr 57 000 and 59 00020 were electrophoresed in sodium dodecyl sulphate/ polyacrylamide gel (10% total acrylamide) under reduced conditions. Proteins separated in the gel were electrotransferred to nitrocellulose paper. The paper was incubated for one hour at 22°C in the antiserum diluted 1:1000 in PBS/1% bovine serum albumin/0005% Tween 20, washed, and incubated in an alkaline phosphatase conjugated rabbit IgG to sheep IgG (Cappel 1:20) for one hour at room temperature. The cells were observed with an Olympus Vanox AH2-FL microscope fitted with standard FITC filters. Photographs were taken on Kodak Ektachrome 400 films uprated to 1600 ASA. To confirm the specificity of the antibody for MMP-3, antibody IgG F(ab')2 (130 pg/ml) was allowed to react with proMMP-3-Sepharose for two hours at room temperature, and the supernatant was used as the primary antibody for immunohistochemistry.
Frozen sections from rheumatoid or control normal synovium were washed free of fixative with PBS and reacted with either sheep anti-(MMP-3) IgG F(ab')2 (65-130 ,ug/ml) or non-immune sheep IgG F(ab')2 (65-130 [tg/ml), followed by incubation with FITC conjugated rabbit anti-(sheep IgG) antibody (dilution x20). Some sections were also reacted with sheep anti-(MMP-3) IgG F(ab')2 absorbed with proMMP-3-Sepharose. Photographs were taken as described above.
Sections (1 iim) prepared from Epon embedded materials were first treated with a saturated solution of KOH in ethanol for five minutes to remove Epon and incubated with either sheep anti-(MMP-3) IgG F(ab')2 (16 ig/ml) or non-immune sheep IgG F(ab')2 (16 iig/ml) for one hour after blocking endogenous peroxidase with 3% H202. They were then washed with PBS containing 0-05% Tween 20, incubated with biotinated rabbit IgG to sheep IgG (Vector Laboratories, diluted 1:200) for 30 minutes and with an avidin-biotin-peroxidase complex (Vector Laboratories) for 30 minutes at room temperature. Colour was developed with 0-03% 3,3'-diaminobenzidine tetrahydrochloride in 50 mM trometamol-HCI pH 7-6 containing 0-006% H202.
For immunoelectron microscopy ultrathin sections mounted on nickel grids were treated briefly (30 (Fig. 2) . The antiserum immunoprecipitated the zymogen of MMP-3 (Mr 57 000) and its glycosylated form (Mr 59 000), 0 as well as an Mr 45 000 form of MMP-3 from the crude culture medium partially activated with 4-aminophenylmercuric acetate (Fig. 3) . Immunoblotting showed that IgG of the antiserum reacts with both active and zymogen forms of MMP-3 (Fig. 4) (Fig. 6) . Bright immunofluorescent precipitates were observed in most hyperplastic lining cells, especially in the perinuclear region, in all nine samples treated with monensin for three hours (Fig. 7) . Very weak or no fluorescent staining was seen in the specimens freshly excised or those treated with monensin for a short period of time (10 minutes to one hour) or without monensin treatment. None of the specimens was fluorescence positive when reacted with nonimmune sheep IgG F(ab')2 or with anti-(MMP-3) IgG F(ab')2 absorbed with proMMP-3-Sepharose and when the first antibody was omitted. No immunoreactive materials were detected by the staining with anti-(MMP-3) IgG F(ab')2 in three control synovia with normal histology even after a three hour treatment with monensin.
IDENTIFICATION OF SYNOVIOBLASTS (B CELLS) AS MMP-3 PRODUCING CELLS IN RHEUMATOID SYNOVIUM
Sections (1 ,um) prepared from Epon embedded materials and stained by anti-(MMP-3) IgG F(ab')2 and the avidin-biotin-peroxidase method showed that hyperplastic synovial lining cells comprise two types of cells: major cells (approximately 60%) intensively labelled with immunoperoxidase reaction products and cells without staining (Fig. 8) . The former cells had oval cytoplasm with very few projections and showed perinuclear immunoreactive materials, whereas the latter were characterised by an indented nucleus and cytoplasmic processes. The immunoelectronmicroscopic properties of the cells reactive to anti-(MMP-3) antibody were characteristic of synovioblasts28 29 or B cells3" that have well developed rough endoplasmic reticulum and multiple Golgi apparatus. In monensin treated cells MMP-3 localised in Golgi related vacuoles that were caused by the action of monensin (Fig. 9) . Synovial macrophages28 29 gelatinase,36 and MMP-3.8 The development of antisera to these proteinases is a useful tool for a study of their localisation and production in vivo; collagenase37 and neutrophil cathepsin G and elastase38 have already been immunolocalised in rheumatoid synovial tissue. In this paper we have prepared the monospecific antiserum against MMP-3 and used the antibody to show the synthesis and secretion of the enzyme in both rheumatoid synovium and synovial cells in culture.
The monovalent ionophore, monensin, has been used to immunolocalise secretory proteins such as procollagen and fibronectin,39 tissue inhibitor of metalloproteinases,27 collagenase and stromelysin26 in cultured connective tissue cells. It is reported to interfere with the processing and secretion of proteins from various cells in culture probably by blocking the function of Golgi apparatus at or near the trans-face.40 41 As MMP-3 was clearly detected by its accumulation in the perinuclear region of the cultured cells only when cells were treated with monensin for more than 30 minutes this indicates that the proteinase passes through the Golgi apparatus and is not stored in the cell after synthesis. This is consistent with the biochemical observation of procollagenase, which was shown to be synthesised and secreted within 35 
